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DYNAMIC CONTROL OF POWER CONVERTER OUTPUT VOLTAGE SLEW RATE 

1 Fje!d_gfthejrwenti^ 

The present invention relates to power converters, or more particularly, to a 
system and method of dynamically controlling a power converts output voltage slew 
rate, or rate of rise and/or decay. 

2 Descri ption of Related Art 

Electronic circuits typically include a plurality of electronic loads, in which each 
,oad is required to be driven (or powered) in a particular sequence and by a vo age 
naving a particu,ar slew rate. The traditional method of accomplish^ th,s ,s through 
.he use of a plurality o, power converters (e.g., voltage regulators, DC/DC converters, 
etc) an externa, controller, and external circuitry (e.g., external transistor sw,ches, 
etc Specifically, the power converters are adapted to convert a single input voltage 
into a plurality of output voltages, where each output voltage corresponds to a parbcu a 
,oad Each voltage is then provided to a corresponding load via an external trans, tor 
switch This enables the external controller, via its connection to each trans.s.or sw,tch 
«o control when and how each output is provided. In other words, by activating and 
m odula.ing the transistor switches, the controller manages the order ,n wh,ch the 
voltages are provided and their slew rates. 

While most power converters have an internal mechanism (e.g., an internal error- 
amplifier circa*) for marginally adjusting the power converter's output voltage, these 
onanisms are traditionally hardwired and are unrelated to slew rate. Specially, 
interna, error-amplifier circuits typically include a plurality of input leads, ,nc,ud,ng 
positive sense lead (e.g., to receive + V oul ), a negative sense lead (e.g., to rece,ve -V M ). 
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• , Hfpi, to receive V ref ) The trim lead is typically hardwired (e.g., using a 

:::: : : i s. . — - - — t - ;r r e 

voltage a. the torn lead ,,e.. « e e.e en- vo g ^ 

size ,o the power system by requiring a plurality of externa, oomponents (e.g ex a 

external oontroller. Thus, it would be advantageous to hav ^a system 
dynamically controlling output voltage s,ew rate the, overcomes at least 



drawbacks. 
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The present invention provides a system and method of dynamically contro.l.ng 

0UtP ;:: e .w ra te h . ^ r:r:: : 

ir ui« and a controller electrically connected to the power converter an a*pW 





2- 

LA2.683647.1 



10 



15 



t ■ voltaae differential between a reference voltage (as provide by the trim 

ra ,e by transmitting a series of voitages or oharges to the trans,s o 
is advantageous in that the error-amplifier cirouit can be used to perform m P 
Hions e q trim the oufpu, voltage and oonfroi output voitage s,ew rate. Th,s ,s 

adius. the output voltage in response to a referenoe voitage (re., as rece.ved v a 
Si and (ii, contro, oufpuf voitage slew rafe in response to a slew-rafe s,gna, (i.e., 

ac rprpivpd via the control lead). 

ZL« embodiment o, the present invention, the siew-rate circu,t oomp ses 
, resistor and the transmitted slew-rate signal oomprises a series o, currents .e^a 
I" based siew-rate signal, In yet another embodiment o« the presen — 
2 slew-rate oircuit oomprises a digital variable resistor (i.e., an «^*^ 
"ut and the transmitted slew-ra.e signa, oomprises a series o, d, g „a, s,gna,s (e.g., 
for oontrolling the impedance level of the variable resistor). 

A more complete understanding of the system and method of dynam, ally 
5 co^rolgT pu, volge slew rate w„l be afforded to those sKilled in the a, as we, 
7 ea,i Z a on of additional advantages and objects thereof, by a cons,de ton 
Zing detai,ed description of the preferred embodiment. Reference w„, be made 
the appended sheets of drawings which will firs, be described bnefly. 
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BRIEF DESCRIPI IONOEIHE DRAWINGS 
Figure 1 illustrates a prior art system tor controlling a plurality of power 

""X. * — a pnor art mechanism (i.e., erro,amp,if,er circuit) tor 
marginally adjusting a power converter's output voltage. 

Figure 3 further illustrates the error-amplifier circuit depicted ,n Figure 2. 
Figure 4 illustrates a charge or voltage-based system for dynam.cally coding 
outout voltage slew rate in accordance with one embodiment of the present invent™ 

P Rgure 5 illustrates a charge or voltage-based system for dynamically 
output Ige slew rate in accordance with another embodiment o, the present 

'^gure 6 (in conjunction with Figure 5, illustrates an impedance-based system for 
dynamically controlling output voltage slew rate in accordance with one embod.ment 

" T2a.es a charge or voltage-based system for dynamically — 

output voltage slew rate in accordance with another embedment of the present 

'"""'Rgure 8 (in conjunction with Figure 7) illustrates a cument-based system for 
dynamically centreing output voltage slew rate in accordance with one embod.ment 

" P Cr~es a system for controiling and monitoring a plurality o, power 
converters in accordance with one embodiment of the present invent™. 

DETAILEDDESCREIQNOFIHF^ 
The present invention provides a system and method of dynamically centring 
S output lg -W rate in a power converter. In the detailed description that follow, 
rime* numerals are used to describe liKe elements illustrated in one or more 

figures. 
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• r art ttictpm 10 for controlling a plurality of power 
Figure 1 illustrates a prior art system iu top » 

conv J ou.pu, Speedy, a « - e X .e,n - ' ' * 

and S3) are electric* connected to a plural,* o, P^«££ ^ |n 

140), a plurality o, loads (not shown,, and a power suppy » r m P _ 

„ rt „r 140 is adapted to converter an input voltage (e.g., nov. i 
5 power converter 140 adap ^ ^ provjded (Q , 

oesired output voltage V. The des^ ^ ^ ^ 

corresponding transistor switch S1, where wj(ch (Le ., 14 2), 

Specially, the controller 110, through its connec n to the . n,s 
d e,er mi nes when the output is provided ,o .he load no, shown a^th o 
, . Th„, bv activating and modulating the transistor switch SI . V 
0 ~ rate can he properly conlroiied. The remaining power 

conveners (i.e., 120 and 130) operate in a similar " err0 , 

While most power converters have an internal mechanism <•*■»" 
a mplifi er circuit) tor margin* adding the power — 
15 mechanisms are traditionally hardwired and are unr late d 1 ^ g 
s ,ew rale. For example, Figure 2 iliustrates an exemplary * no a p 

99n a secondary winding 230, a puise wiuu. 

20 ,o the secondary winding 230, the by e g ^ ^ 

secondary winding. The error-ampMier circuit 240 <«* 

* wnitanp to Drovide a voltage error (V er r) signdi iu 
rTJ^Trv^ - FW M 210 ad iU ,s ,e ou,u. voltage by 
ZZ -Le a. which curren, is being drawn ^^^^ 
25 specifically, as shown in Figure 3, .he ^^^^ nd a trim 

a p,ura,ity o, inputs, including a positive sense lead, a eg^ve ns 

sensed ouipui — 

- 5 - 
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positive, are coupled to .he negative and positive sense leads, respectively. Res.sto 
R3 R 3 and R34 define the gain charac.eris.ics of the error-amp„fier c,rcu„ 24 The 

is lypically hardwired u*. . resis.or (no, shown, to either the = 
negative sense lead, depending on whether the output voltage ,s to be matnta ned 
5 pel or above a partioutar voltage level. Zenor diode Z31 defines a referee e voltage 
5 below or aoov H The oo-amo 310 produces a voltage error 

on the non-inverting input of op-amp 310. The op amp iiup 
M signal that is provided to the PWM 210 (see Figure 2) and used to ad,us. 
output via the current drawn through the primary wmding. 

The error-amplifier circuit, as traditionally used, does no. control and/er ad, s. .he 
10 output vo,.age slew rate. In fact, the .radifional method of dynamically con.ro l,ng a 
p w r convLs ou„ voltage slew rafe Is .hrough an externa, .ransi,or sw c . 
Lwn in Figure 1 The drawback with such a method, however. • that ,t adds 
I";; e^Inse and size to ,e overal, electronic device (no. ^ ^ 
plurality of externa, transistor switches and a plurality o, .races conneCng .he sw,.ches 

1 5 10 " C«s a charge or voltage based sys.em for dynamically controlling 
output vo,.age slew ra.e in accordance wifh one embodiment o, the present ,nve n o. 
Specific* a controller 410 is eleCrically conneCed «o an error-amplifier cncurt 430 or 
I partLar 1o lis .rim lead, via a .ransis.or 041 (i.e.. an externa, slew-rate ^ 
2 0 Bv valg the voltage (or eleclnca, charge) provided to .he gate .erm.nal of tr ns,stor 
Q4 an 72 varying L voltage placed on .he ,rim lead, .he ou.pu. vo,«age's slew ra.e 
^'b Zed. For example, referring .0 Figures 3 and 4, when .he transistor Q ,s 
led off «he trim lead is essentially floating (due .o ,he open circuit), and *s vol, ge 
he!e rence vollage) is established by the zenor diode Z31 . Thus, when .he .nm 
26 d * *e erroIaU circuit (e.g., 240, 430. e.c, wil, only affec. ,e ou.pu 
o age if its Lege ,eve, differs from wh, i. is suppesed «o be. ,n Cher word, *e 
power converter uses .he errer-amplifier circui. .o produce (or ma,n,a,n, ,.s pre 
determined output voltage (e.g., 3V, 5V, etc.). 
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Alton** when .he transistor 041 is turned full on. the trim lead and the 
Alternately, error . am p|if,er oirouit ads as t the 

negative sense lead are shorted togetner. .„„,„„ „ iat hePWM) 

,. ■ ,™hinh and effectively reduces the output voltage (e.g., via the mwmj 

output voltage ,s too h h and e« Ct , ^ ^.^ ^ on 

zroroZr— 

: 121 the a. It should also he appreciated that 
intheirdesignsand/or components, and 
particular type of error-amplifier circuit Thus, the use of any 

For el P r R gure S illustrates a charge or voltage hased sys*m .rdy^ 
circuit (or internal to the power converter). Specially, 

ITT : - — — • — ~ - • » 

example, electrically connecting the slew-rate circuu 
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present invention. the slew rate is dynamically 

, n another embody, -* ,h P- ^ ^ , F|gures 5 and 

controlled by adjusting a variable resrstor. vR61 (see 

5 6 , the transistor 351 (see F,ure 5) is ^ by * ^ ^ ^ 

Figu re 6). Specifically, the variable res* «, - ^ ^ 

,ead (node B, and the non-inverting input ^ P - „ . 

output voltage slew rate in accordance . s eapacilor C 71 and 

inv ention. In .bis embodiment, a voltage ( r charge) is^p ^ ^ ^ (whjch 
provided to a non-inverting input of a „rs op- ^ ^ (o ^ nQ „. 

15 cannot be more tban the voltage drop cross ^ ^ ^ 

inverting input of a second op-amp h the voltage provided to the negative input 

(e ,„ the --^.J^:-*- -age is adjusted. Thus, the slew 
controls the amount (if at all) in wn ^ voltage across , ne 

» — - : — — - - - - "* 

dynamically adjusting a cunent. For exa p ' e adjusted by dynamically 

25 resisforRSf (see Figure 8), fheoufpu, vofla*, ^ the slew-ra.e can be 

controlling the current flowing J-j;^,,^^ 
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c- , i„ustrates a system for controlling and monitoring a plurality of power 

932) and a pluraiity of output connections (i.e.. 914. 924 an » tead 
(e .g., trim lead, control lead, etc.) o a Respond g ^ ^ 

"ce: « o, tne power confers can „en b e monitored (e.g., 

10 by<hecontroller940),hrougntnei^^ ^ 

The invention is further defined by the following cla.ms. 
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